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COUPLED TRANSCRIPTION .AND TRANSLATION 
IN EUKARYOTIC CELL- FREE 31TRACT 

BACKGROUND OF THE INVENTION 
This invention relates generally to molecular 
5 biology, and more particularly, to a new method allowing 
coupling of the transcription of RNA from a template DNA 
and the translation of the RNA in eukiaryotic cellular 
lysates or other extracts. 

The steps involved in the transcription and 

10 translation (expression) of genes in cells are very 

complex and are not yet completely understood. There is 
a basic pattern that must be followed, however, for 
protein to be produced from DNA. The DNA is first 
transcribed into RNA, and then the RNA is translated by 

15 the interaction of various cellular components into 

protein. In prokaryotic cells (bacteria) transcription 
and translation are "coupled", meaning that RNA is 
translated into protein during the time that it is being 
transcribed from the DNA. In eukaryotic cells (animals, 

20 plants) the two activities are separate, making the 
overall process much more complicated. DNA is 
transcribed into RNA inside the nucleus of the cell, but 
the RNA is further processed into mRNA and then 
transported outside the nucleus to the cytoplasm where 

25 it is translated into protein. 

The ability of molecular biologists to isolate and 
clone genes, as well as their ability to isolate 
particular mRNAs or "messages" from cells, has brought 
about the need for systems which can be used to express 

30 these genes or messages. The expression of a gene is 
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xmportant in the overall understanding of its function 
and regulation. Methods are now available for rapid 
expression of proteins, making it possible to manipulate 
genes and then study the effect of the manipulations on 
5 their function. The amount of protein to be produced, 
whether the gene is prokaryotic or eukaryotic and the 
relative merits of an in vitro or an in vivo system, are 
some of the factors considered by researchers when 
selecting an expression system. The choice of a system 
10 is influenced by the gene being studied. For the most 
part, a prokaryotic gene is expressed best in a 
prokaryotic system, and a eukaryotic gene is more 
efficiently and accurately expressed in a eukaryotic 
system- This is because of the many regulatory 
15 sequences and promoters that are recognized more 

efficiently in a like system. . The expression of genes 
can be achieved in both in vivo and in vitro systems. 

in vivo transcription systems using prokaryotic or 
eukaryotic cells are available, however, these systems 
20 are difficult to work with since intact cells are used. 

m vitro systems, on the other hand, are made from cell- 
free extracts produced from prokaryotic or eukaryotic 
cells that contain all the necessary components to 
translate DNA or RNA into protein. Cell-free extracts 
25 can be prepared from prokaryotic cells such as E . coli 
and from eukaryotic cells such as rabbit reticulocytes 
and wheat germ. Cell -free systems are very popular 
because there are standard protocols available for their 
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preparation and because they are commercially available 
from a number of sources. 

E. coli S30 cell-free extracts were first described 
by Zubay, G. (1973, Arm. Rev. Genet. Vol 7 , p. 267) . 
5 These can be used when the gene to be expressed has been 
cloned into a vector containing the appropriate 
prokaryotic regulatory sequences, such as a promoter and 
ribosome binding site. Prokaryotic E. coli cell -free 
systems are considered "coupled" because transcription 

10 and translation occur simultaneously after the addition 
of DNA to the extract. The use of RNA as a template in 
E . coli extracts results in protein production but such 
a reaction is not coupled. Rabbit reticulocyte lysates 
and wheat germ extracts are used preferably for the 

15 expression of eukaryotic genes or mRNA. Both systems 
require the use of RNA as the template for protein 
translation because, as previously mentioned, eukaryotic 
systems are not coupled. 

Rabbit reticulocyte lysate was described by Pelham, 

20 H.R.B. and Jackson, R.J. (1976, Eur. J. Biochem. Vol. 
131, p. 289). This expression system is probably the 
most widely used cell -free system for in vitro 
translation, and is used in the identification of mRNA 
species, the characterization of their products, the 

25 investigation of transcriptional and translational 
control. Processing events, such as signal peptide 
cleavage and core glycosylation, are examined by adding 
canine microsomal membranes to a standard translation 
reaction (Walter, P. and Biobel , G. (1963) Meth. 
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Enzvmol . 96, 50) . Rabbic reticulocyte lysate also 
contains a variety of post - translat ional processing 
activities, including acetylation, isoprenylation , 
proteolyis and some phosphorylation activity (Glass, 
5 C.A. and Pollard, K. M. (1990) Promega Notes 26). 

Wheat germ extract was described by Roberts, B.C. 
and Paterson, B.M. (1973, Proc. Natl. Acad. Sci. USA, 
Vol. 70, P- 2330). Cell-free extracts of wheat germ 
support the translation in vitro of a wide variety of 
10 viral and other prokaryotic RKAs, as well as eukaryotic 
mRNAs. (Anderson, C. , et al . (1983) MPth. Enzymol . 101, 
63 5 j _ Generally, it is found necessary to include a 
ribonuclease inhibitor in the reaction mix of a wheat 
germ translation system, as ribonuclease activities in 
15 wheat germ extract are present. 

RNA for translational studies is obtained by either 
isolating mRNA or by making in vitro RNA transcripts 
from DNA that has been cloned into a vector containing 
an RNA polymerase promoter. The first method isolates 
20 mRNA or "message" directly from cells. 

The second obtains RNA for in vitro translation by 
in vitro transcription. In vitro transcription of 
cloned DNA behind phage polymerase promoters was 
described by Krieg, P. and Melton, D (1984, Nucl . Acids 
25 Res. , Vol. 12, p. 7057). This has become a standard 

method for obtaining RNA from cloned genes for use in in 
vitro translation reactions. This method requires that 
the DNA or gene of interest be cloned into a vector 
containing a promoter for one of the following RNA 
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polymerases, S?€, T7 or T3 . The vector is then 
linearized at the 3' end of the cloned gene using a 
restriction enzyme, followed by an in vitro 
transcription reaction to make RNA transcripts. A 
5 number of vectors containing the SP6 , T7 and T3 RNA 

polymerase promoters are commercially available and are 
widely used for cloning DNA. 

In any case, the process of obtaining RNA 
transcripts for use in rabbit reticulocyte lysate or 

10 wheat germ systems introduces a variable which can 
affect the efficiency of the translation reaction. 
Extra care must always be taken when working with RNA as 
it is easily degraded by ribonucleases . DNA templates 
are much more stable. 

15 After rabbit reticulocyte lysate and wheat germ 

extract were developed as cell -free translation systems, 
attempts were made to couple transcription and 
translation. One system that was developed was a 
"linked" transcription and translation system (Roberts, 

20 B.E., et al. (1975), Proc. Natl. Acad. Sci. USA , Vol 72, 
1922-1926) . This system involved the use of wheat germ 
extract and looked at transcription and translation of 
SV40 viral DNA using E. coli RNA polymerase. In this 
system transcription occurs in 15 minute incubation step 

25 just prior to the addition of the wheat germ extract. 
The steps are separated because of incompatibility 
between the buffer conditions necessary for 
transcription and those necessary for translation, and 
also because of the different temperature requirements 
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for both processes. This system has a number of 
drawbacks. One is the lack of control over which 
protein product is produced, as a number of different 
proteins are synthesized simultaneously from the same 
5 SV40 DNA template. Although the authors of that study 
indicated that a coupled system had been developed no 
data for a coupled system was shown. 

Another system was developed by Pelham, H.R.B, et 
al. (1978), p^t- .t. Biochem. , Vol. 82, 199-209, where 

10 coupled transcription and translation occurred after the 
introduction of vaccinia viral core particles into 
rabbit reticulocyte lysate. The production of vaccinia 
proteins from the viral DNA was presumably due to 
transcription by the endogenous vaccinia RNA polymerase 

15 and subsequent translation by the lysate. This system 
was limited by the fact that only vaccinia proteins 
would be produced while exogenous DNA from sources other 
than vaccinia would not be recognized by the RNA 
polymerase and therefore no transcription or translation 

20 could occur. Viral core particles had to be isolated, 
and the authors were unable to exclusively produce a 

single protein. 

Work has also been described using "continuous" 
cell-free in vitro translation systems with the emphasis 
25 on large scale production of protein. Continuous 

systems are very different than the more common batch 
type, or static, in vitro translation reactions which 
occur in a contained reaction volume. Continuous 
translation involves a bioreactor (such as an Amicon SMC 
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ultrafiltration unit) in which large scale reactions are 
set up and protein is "continually" translated over 
extended periods of time. The reaction requires that a 
buffer be fed into the reaction as it progresses, and 
5 also requires that the products of translation be 

removed f rom the reaction filter unit. This type of 
system works well with E. coli S3 0 extract and wheat 
germ extract when RNA template is introduced. See 
Spirin, et al . (1988) Science . Vol 242, 1162-1164. The 

10 system also works using RNA templates in rabbit 

reticulocyte lysate . See Ryabova, et al . (1989) Nucl . 
Acid Res . , Vol. 17, No. 11, 4412. The system is also 
known to work well with DNA templates in E. coli S3 0 
extracts. See Baranov, et al . (1989) Gene , Vol 84, 463- 

15 466. PCT publication WO9102076 discloses continuous 
cell -free translation from DNA templates using 
eukaryotic lysates . 

Continuous reactions are performed variously from 
tens of hours up to around one hundred hours, and 

20 require a substantial investment of time and resources 

to set up and run. Translation in a "continuous" system 
is also directed towards producing large amounts of 
protein, and differs substantially from standard 
(static) in vitro translation reactions. Static 

25 reactions can be run in a small reaction volume, 
typically measured in microliters, and are often 
completed in one to two hours. A static translation 
reaction is not directed towards producing preparative 
amounts (milligrams) of proteins. A static reaction is 



PCT/US92/08518 
WO 93/07287 

generally used to produce protein for investigative 
applications, such as the identification and 
characterization of mRNA species, or studies of 
transcriptional or translation control. None of the 
5 rabbit reticulocyte or wheat germ systems currently 
known for in vitro translation provide for coupled 
transcription and translation in a static reaction 
mixture . 



10 



qTTMMARY OF THE INVENTION 
It is an object of the invention, therefore, to 
provide a simple method for producing protein from a 
template DNA in a standard' in vitro translation reaction 
utilizing a eukaryotic cellular lysate. 

A more specific object of the invention is to 
15 provide such a method which can be used to couple 

transcription and translation of a single protein coded 
by the DNA template. 

Another object is to provide a process for enhanced 
in v itro protein production from DNA templates through 
20 coupled transcription and translation reactions using 
eukaryotic cell-free lysates . 

A further object is to provide a method for 
manufacturing eukaryotic cellular lysates for use in 
coupled transcription and translation experiments. 
25 A still further object is to provide a method for 

producing such a lysate preparation which has one or 
more of the components or reagents necessary for coupled 
transcription and translation. 
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-ti- 
lt is another object to provide such a preparation 

for use in coupled transcription and translation 

experiments . 

A further object of the invention is to provide a 
5 kit having a prepared rabbit reticulocyte lysate or 
wheat germ extract and including other components or 
reagents necessary for producing a reaction mixture for 
coupling transcription and translation from a DNA 
template. 

10 A more specific object is to provide a kit having 

as at least one component a prepared rabbit reticulocyte 
lysate or wheat germ extract preparation which has one 
or more of the reagents necessary for coupling 
transcription and translation. 

15 For the achievement of these and other objects, 

this invention provides a method for coupling 
transcription and translation in eukaryotic cellular 
lysate. The method comprises adding a sufficient amount 
of a magnesium compound to the lysate to raise the final 

20 magnesium concentration thereof to a level where RNA is 
transcribed from DNA and RNA translates into protein. 

The invention also provides a process for producing 
protein from a DNA template having a specific polymerase 
promoter sequence through coupled transcription and 

25 translation in a solution. This is accomplished by 
preparing a standard preparation of a eukaryotic 
cellular lysate, modifying the lysate with sufficient 
concentrations of ribonucleotide triphosphates, amino 
acids and the polymerase corresponding to the promoter 
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sequence of the template DNA to support transcription 
and translation; and adding a sufficient amount of a 
magnesium compound to the solution to raise the final 
magnesium concentration to a level where RNA is 
5 transcribed from DNA and RNA translates into protein. 

Only that protein corresponding to the gene adjacent the 
promoter sequence in the DNA will be produced. 

The invention additionally provides a modified 
eukaryotic cellular lysate prepared in accordance with 

10 the method whereby the final magnesium concentration is 
raised to a level where RNA is transcribed from DNA and 
RNA translates into protein. The lysate can have its 
magnesium concentration so adjusted during manufacture. 
The invention also provides a kit that comprises a 

15 container containing prepared eukaryotic cellular lysate 
for coupled transcription and translation. In addition 
to having an adjusted magnesium concentration, this 
lysate can contain a variety of additional components 
required for coupled transcription and translation. One 

2 0 of the additional components that can be included is an 
RNA polymerase. Others are various buffers or salts or 
other components or reagents for optimizing coupled 
transcription and translation reaction conditions, such 
as spermidine, which is known to stimulate the 

25 efficiency of chain elongation. 

The coupling of transcription and translation in 
rabbit reticulocyte or wheat germ systems significantly 
increases protein production when compared to standard 
in vitro translation with RNA templates, and the coupled 
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transcription and translation has been shown to work for 
a variety of different proteins over a wide range of 
molecular weight sizes. 

The gene or DNA to be translated is preferably 
5 cloned behind an RNA polymerase promoter such as the 

SP6, T7, or T3 promoters, or any RNA polymerase promoter 
for which a polymerase is available. The DNA template 
can be introduced into the coupled transcription and 
translation reaction in the form of a closed circular 

10 plasmid DNA or as a linearized plasmid DNA. RNA 

polymerase promoter sequences can also be attached to 
specific DNA fragments by the thermocycling 
amplification process, and these linear DNA fragments 
can be used in coupled transcription and translation 

15 reactions. 

Standard in vitro translation reactions require 
very little investment of time and resources and are a 
well established method for expressing protein 
qualitatively. By coupling transcription and 

20 translation in standard in vitro translation reactions 
using rabbit reticulocyte lysate or wheat germ extract 
the need for a separate in vitro transcription reaction 
is eliminated and protein production is significantly 
enhanced. Thus, coupled transcription and translation 

25 using rabbit reticulocyte lysate or wheat germ extract 

provides a significant improvement over current standard 
in vitro translation reactions. An unexpected benefit 
is that the production of the desired protein product is 
increased dramatically (several fold) over that which is 



_ _ PCT/US92/08518 

WO 93/07287 ^ 

seen by the addition of RNA to standard in vitro 

translation reactions. In addition, there is no need 

for a separate capping reaction with coupled 

transcription and translation. 

5 Another advantage is that protein production can be 

achieved from a cloned or amplified DNA template 

containing a specific RNA polymerase promoter. In this 

manner RNA can be directed to be synthesized from a 

single gene downstream of the promoter, and only the 

10 proteins translated from that RNA are produced. If that 
RNA directs only one protein, then only one protein is 
produced through the reaction. Plasmid vectors for such 
use are well known in the art and are available from 
several sources, allowing the researcher to produce 

15 protein from any cloned gene at will. 

Other features and advantages of the invention will 
become apparent to those of ordinary skill in the art 
upon review of the following detailed description and 
claims . 



20 DESCRIPTION OF THE PREFERRED EMBODIMENT 

For purposes of the invention, any eukaryotic 
cellular lysate can be used, and a number of 
conventional techniques exist for their preparation. 
Eukaryotic cell -free lysates are preferred expression 

25 systems for many reasons, at least partially because 

they retain a variety of post- translational processing 
activities. With the addition of canine microsomal 
membranes processing events, such as signal peptide 
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cleavage and core glycosylation, car. be examined. 
Eukaryotic cellular lysates also support the translation 
in vitro of a wide variety of viral and other 
prokaryotic RNAs , as well as eukaryotic mRNAs . 
5 While other eukaryotic systems are suitable, rabbit 

reticulocyte lysate and wheat germ extract are 
preferred. These eukaryotic lysates are popular with 
researchers, and are widely available. In a preferred 
embodiment, rabbit reticulocyte lysate is prepared by a 

10 method described by Pelham, H. and Jackson, R.J. (1976, 
Eur. J. Biochem. 67, 247-256) and modified according to 
the manufacturing protocol L415/L416, Promega Corp., 
Madison, WI . Reticulocyte lysate is prepared from New 
Zealand White rabbits injected with phenylhydrazine , 

15 which ensures reliable and consistent reticulocyte 

production in each lot. The reticulocytes are purified 
to remove contaminating cells which could otherwise 
alter the translational properties of the final extract. 
After the reticulocytes are lysed, the extract is 

20 treated with micrococcal nuclease and CaCl 2 , to destroy 
endogenous mRNA and thus reduce background translation 
to a minimum. EGTA is then added to chelate the CaCl 2 
and thereby inactivate the nuclease. 

The lysate contains cellular components necessary 

25 for protein synthesis. These include tRNAs, rRNAs, 

amino acids and initiation, elongation, and termination 
factors. The lysate is further optimized for mRNA 
translation by adding an energy generating system, 
consisting of pre- tested phosphocreatine kinase and 
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phosphocreatine- Also added are a mixture of tRNAs to 
expand the range of mRNAs which can be translated, and 
hemin to prevent inhibition of initiation. Hemin is 
included in the reticulocyte lysate because it is a 
5 suppressor of an inhibitor of the initiation factor 

eIF2a. In the absence of hemin, protein synthesis in 
reticulocyte lysates ceases after a short period of 
incubation (Jackson, R. and Hunt, T. 1983 Meth. In 
r.nz vmol. 96, 50). Potassium acetate and magnesium 

10 acetate are added at a level recommended for the 

translation of most mRNA species. This is the standard 
rabbit reticulocyte lysate used for in vitro 
translations. The final magnesium concentrations for 
standard rabbit reticulocyte lysate are typically in the 

15 range of about 4.2 to 5.0 mM, which is used at a 50% 
ratio in coupled transcription and translation 
reactions . 



30 



Final Concentration Contributions of Added Components 
20 in a Rabbit Reticulocyte Lysate Translation Reaction 



Which is 50% Lysate 



25 Creatine phosphate 7 

Creatine phosphokinase J | mM 

Slf liver tRNA ^ jjg/ml 

Potassium acetate |£ ™J 

Magnesium acetate jso 

Hemin L h 



Another preferred embodiment utilizes wheat germ 
extract. This can be prepared by a method described by 
35 Roberts, B.E. and Paterson, B.M. (1973), Proc. Natl. . 

Br.i. USA Vol. 70, No. 8, pp. 2330-2334), following 
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tina modifications described by Anderson, C.W., et al . 
(1983, Meth. Enzymol . Vol.101, p. 635) and modified as 
in the manufacturing protocol M18, Promega Corp. 
Madison, WI . Generally, wheat germ extract is prepared 
5 by grinding wheat germ in an extraction buffer, followed 
by centrif ugation to remove cell debris. The 
supernatant is then separated by chromatography from 
endogenous amino acids and plant pigments that are 
inhibitory to translation. The extract is also treated 

10 with micrococcal nuclease to destroy endogenous mRNA, to 
reduce background translation to a minimum. The extract 
contains the cellular components necessary for protein 
synthesis, such as tRNA, rRNA and initiation, 
elongation, and termination factors. The extract is 

15 further optimized by the addition of an energy 

generating system consisting of phosphocreatine kinase 
and phosphocreatine, and magnesium acetate is added at a 
level recommended for the translation of most mRNA 
species. The final magnesium concentration for standard 

20 wheat germ extract is typically in the range of about 
6.0 mM to 7.5 mM. 
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10 



15 



20 



Final Concentration Contributions of Added 
Components in a Wheat Germ Extract Translation 
Reaction Which is 50% Extract 



Creatine phosphate 10 mM 

Creatine phosphokinase 5 0 ^g/ml 

■ptprp 5 mM 

Calf liver tRNA 50 fig /ml 
Magnesium acetate 3.0 - 3.75 mM 

Potassium acetate J® ™fj 
Spermidine 
ATP 

HEPES {pH 7.6) 12 



0.5 mM 
1.2 mM 
0.1 mM 



For coupled transcription and translation the 
magnesium concentration of the eukaryotic cellular 
lysate must be adjusted by an additional magnesium 
compound, preferably a salt. Preferred salts include 
magnesium chloride and magnesium acetate. The addition 
of a buffering agent can be used in the solution to 
stabilize the pH, although this isn't necessary. For 
coupling transcription and translation, a sufficient 
25 amount of magnesium chloride or acetate is added to the 
lysate to raise the final magnesium concentration to a 
level where RNA is transcribed from DNA and RNA 
translates into protein. This level will vary depending 
upon the lysate used. 
30 The simple addition of a prokaryotic RNA polymerase 

and ribonucleotide triphosphates to a standard rabbit 
reticulocyte lysate or wheat germ extract does not allow 
in vitro protein production from DNA templates. The 
particular adjustments of the salt concentrations in the 
35 system that will be described, however, allow protein 
production by creating conditions within the lysate 
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wnich permit both transcription of DNA into RNA and 
translation of the RNA into protein. 

Magnesium is known to be important for optimizing 
translation, as it enhances the stability of assembled 
5 ribosomes and functions in their binding together during 
translation. Magnesium also appears to play a role in 
facilitating polymerase binding. Potassium is important 
as well for optimizing translation, but unlike the case 
for magnesium, for coupled transcription and translation 

10 the concentration of potassium ions does not need to be 
altered beyond standard translation preparation levels. 

Potassium and magnesium are in the standard rabbit 
lysate. The levels are partially from the endogenous 
lysate levels, and partially from the additions made in 

15 the preparation of the lysate, as are done for 

translation lysates . Lysate is diluted somewhat in 
manufacture, and the prepared lysate is then only used 
at 50% for coupled transcription and translation 
reactions . 

20 As the magnesium concentration should be adjusted 

to within a rather narrow optimal range, it is preferred 
that the lysate magnesium levels be measured directly 
through the use of a magnesium assay, prior to the 
addition of extra magnesium, so that the amount of 

25 magnesium in a reaction can be standardized from one 
batch of lysate to the next. The Lancer "Magnesium 
Rapid Stat Diagnostic Kit" (Oxford Lab Ware Division, 
Sherwood Medical Co., St. Louis, MO), is one such assay 
which can accurately measure the magnesium levels in 
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biological, fluid. Once the magnesium ion concentration 
for a given batch of lysate is known then additional 
magnesium, for instance in the form of a concentrated 
magnesium salt solution, can be added in a known manner 
5 to bring the magnesium concentration of the lysate to 

within the optimal range, or, in the case of a modified 
lysate preparation to be used as one-half of a reaction 
mixture, to within twice the optimal range. 

Thus, it has been found that when the final 

10 magnesium concentration of rabbit reticulocyte lysate is 
adjusted, such as by adding a concentrated solution of 
magnesium chloride or acetate, to a concentration 
greater than 2 . 5 mM but less than 3.5 mM, preferably 
between 2 . 6 mM and 3 . 0 mM, coupled transcription and 

15 translation occurs. For coupling transcription and 
translation using wheat germ extract, a final 
concentration of magnesium chloride or acetate greater 
than about 3.0 mM but less than about 5.25 mM produces 
protein, preferably adjusted to approximately 4.0 mM to 

20 4.75 mM. 

Reaction conditions for coupled transcription and 
translation must include the addition of ribonucleotide 
triphosphates (ATP, GTP , CTP, DTP) and amino acids, for 
rabbit reticulocyte lysate to final concentrations of 

25 0.4 mM each, and 20 fM each respectively. Reaction 

conditions for wheat germ extract are modified by the 
addition of ribonucleotide triphosphates to final 
concentrations of 0.4 mM for CTP and UTP, 0.5 mM for GTP 
and 1.6 mM for ATP, while amino acids are added to a 
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rinal concentration of 20-80 jtM. If a radiolabeled 
amino acid is used in the coupled reaction, such as 3I S 
methionine or 3 H leucine , then the corresponding amino 
acid is left out of the amino acid mix. An RNA 
5 polymerase, either SP6, T7 , or T3 , is then added, 

preferably to a final concentration of about 80-160 
units per 50 pi reaction. The DNA template with the 
gene to be translated is added at a concentration of l 
fig, and the reaction volume is adjusted to 50 pi with 

10 the addition of water. The reaction is then incubated 
at 30°C for 1-2 hours. 

Although potassium is added to the reaction mixture 
in the preferred embodiment, in contrast to magnesium 
additional potassium does not greatly increase protein 

15 production, but only offers a slight improvement when 

proper magnesium levels are already present. Potassium 
acetate is added to an optimal final concentration of 
about 59 mM. Although potassium chloride or acetate can 
be added, because of the greater amounts added than is 

20 the case for magnesium, potassium acetate is preferred. 
The standard translation lysate level can be used, a 
concentration of approximately 56 mM, while spermidine 
is added to give a final concentration of about 0.2 mM. 
The final concentration of potassium chloride or acetate 

25 is also an estimation based on the amount of this 

component in standard lysate, but it must be recognized 
that this concentration, as well as the magnesium 
concentration, can vary slightly due to endogenous 
components . 
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Additional components can be added to the lysate as 
desired for improving the efficiency or stability of the 
coupled transcription and translation reaction. One 
common addition to coupled transcription and translation 
5 reactions is an amount of a polyamine sufficient to 

stimulate the efficiency of chain elongation. Although 
not absolutely necessary, for coupled transcription and 
translation a final concentration of spermidine in the 
mixture of about 0.2 mM is optimal, in that an increase 

10 of protein production is observed with this 

concentration. Polyamines affect optimal magnesium 
levels as well, and are known to lower the effective 
magnesium concentration for translation reactions 
somewhat. It appears that the polyamines may substitute 

15 for magnesium at some level, and thus would play a role 
in the optimization of magnesium requirements, possibly 
even permitting some lowering of optimal magnesium 
levels for coupled transcription and translation. 

Optimal magnesium concentrations in the in vitro 

20 environment are affected by other conditions and 

considerations, too. As the ribonucleotide triphosphate 
concentration goes up, for instance, there is a 
concomitant increase in the optimal magnesium 
concentration, as the ribonucleotide triphosphates tend 

25 to associate, or chelate, with magnesium in solution. 
Thus, when the ribonucleotide triphosphate 
concentrations cited for the above reactions are 
increased to 0.6 mM, the production of protein from 
coupled transcription and translation reactions is 
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greatly reduced. The optimal concentration of -Tiagnesium 
also varies with the type of cellular lysate, whether 
using wheat germ extract or rabbit reticulocyte lysate. 
The amount of magnesium required to be added to achieve 
5 optimal levels will vary with the concentration of the 
lysate used in the reaction mixture, as increasing the 
concentration of the lysate will increase the 
contribution of magnesium from the lysate itself. 

Due to the large number of components in a lysate 

10 mixture, it can not be said with certainty whether it is 
the protein translation from RNA, the transcription of 
RNA from DNA or both that is adversely affected at other 
than optimal salt conditions. The observation is the 
same in any case, that detectible levels of protein are 

15 not produced in the reaction. With a small adjustment 

to the magnesium concentration, possibly adjusted by the 
polyamine concentration and watching that ribonucleotide 
triphosphate concentration levels do not become a 
problem, coupled transcription and translation is 

20 observed, but only through a relatively small range. 

Dithiothreitol (DTT) is preferably added to the 
translation mixture. When included in coupled 
transcription and translation reactions, DTT is 
preferably added to a final concentration of about 1.45 

25 mM. Optimal DTT is about 5.1 wM for wheat germ. Also, 
a ribonuclease inhibitor, such as RKasin, can be added 
to the lysate, to effectively inactivate endogenous 
ribonucleases . Concentrations of 40 units per 50 fil 
reaction have been shown to help prolong the reaction. 
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It is not an absolute requirement for coupled 
transcription and translation in rabbit reticulocyte 
lysate, but RNasin is required for coupled transcription 
and translation using wheat germ extract. The omission 
5 of RNasin from the latter results in no protein 

translation, as there are active ribonucleases present 

in the lysate. 

The preferred coupled transcription and translation 
concentrations for rabbit reticulocyte lysate, of 

10 potassium chloride or acetate, magnesium chloride or 

acetate and spermidine, can be achieved by the addition 
of 2.5 fil of an optimized tris/acetic acid buffer (lxTA 
buffer = 33 mM Tris/acetic acid ph 7.8, 65 mM potassium 
acetate, 10 mM magnesium acetate, 4 mM spermidine, 1 mM 

15 DTT) . When added to a standard 50 fil in vitro 

translation reaction, this buffer raises the magnesium 
level in the lysate by 0.5 mM overall. 

Rabbit reticulocyte lysate can be modified during 
manufacture. The lysate is used at a 50% concentration 

20 (25 y.1 lysate per 50 fil reaction, typically) , and so a 
preferred modification involves adjusting the potassium 
acetate concentration to 118 mM f the magnesium acetate 
to about 5.2 mM to 6.0 mM, and spermidine to 0.4 mM. 
This gives optimal final concentrations of 59 mM 

25 potassium acetate, 2 . 6 mM to 3 . 0 mM magnesium acetate 
and 0.2 mM spermidine when 50% lysate is used in a 
coupled transcription and translation reaction. The 
lysate can be further modified by the addition of one of 
the RNA polymerases (SPG, T7, or T3) to the lysate, 
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preferably at a concentration of 80 - 160 units per 50 fxl 
reaction. Such a modified lysate can be stored frozen 
until needed. 

Spermidine is also preferably added to wheat germ 
5 extract, optimally to a final concentration of about 0.9 
mM. Potassium acetate is preferably added to a final 
concentration of approximately 56.5 mM, These 
concentrations can be achieved by the addition of 5.0 fil 
of lxTA buffer to a 50 fxl in vitro translation using 
10 standard wheat germ extract, although these 

concentrations are based on estimations of the amounts 
of these components in standard wheat germ extract and 
may vary slightly due to endogenous components in the 
lysate itself. 

15 Wheat germ extract can also be modified during the 

manufacturing process so that the final concentrations 
of potassium acetate, magnesium acetate and spermidine 
will equal those described in the reaction conditions 
above for wheat germ when the lysate is used at a 50% 

20 concentration. Wheat germ extract can be further 

modified during manufacture by the addition of one of 
the RNA polymerases to a final concentration of 80-160 
units per reaction. Modified extract is stored frozen 
until it is used. 

25 Leaving magnesium concentrations at levels present 

in the standard lysate, production of protein does not 
occur. The addition of all of the other components of 
the lxTA buffer to the reaction mixture, only without 
the magnesium, results in a reaction that produces no 
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protein. "On the other hand, addition of excess 
magnesium will cease translation altogether. For 
instance, in a similar reaction mixture utilizing rabbit 
reticulocyte lysate, but having final magnesium 
5 concentrations of about 3.5 mM, translation of protein 
again ceases. This upper limit will presumably vary 
slightly depending upon other parameters such as 
potassium and spermidine concentrations, as well as 
ribonucleotide triphosphate concentrations both of which 

10 are known to vary the optimal magnesium concentration 
for translation of RNA into proteins. 

Both modified wheat germ extract and modified 
rabbit reticulocyte lysate can be included as part of a 
kit for facilitating the set up of coupled transcription 

15 and translation reactions. Such a kit improves the 
convenience to the researcher, as the eukaryotic 
cellular lysate comes prepared and ready for use. In 
addition to the rabbit reticulocyte lysate or wheat germ 
extract, such a kit can include the components, 

20 reagents, including enzymes, and buffers necessary to 
perform coupled transcription and translation upon the 
introduction of a DNA template. The lysate can be 
standard, or can be of the type where the adjustments to 
its salt concentrations have already been made during 

25 manufacture, or additionally where one or more of the 
components, reagents or buffers necessary for coupled 
transcription and translation have been included. 

The amount of protein produced in a coupled in 
vitro transcription and translation can be measured in 
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various fashions. One method relies on the availability 
of an assay which measures the activity of the 
particular protein being translated. An example of an 
assay for measuring protein activity is the luciferase 
5 assay system described in Technical Bulletin 097, 

Promega Corp., Madison, WI . These assays measure the 
amount of functionally active protein produced from the 
coupled in vitro transcription and translation reaction. 
Activity assays will not measure full length protein 

10 that is inactive due to improper protein folding or lack 
of other post translational modifications necessary for 
protein activity. 

Another method of measuring the amount of protein 
produced in coupled in vitro transcription and 

15 translation reactions is to perform the reactions using 
a known quantity of radiolabeled amino acid such as 3i S 
methionine or 3 H leucine and subsequently measuring the 
amount of radiolabeled amino acid incorporated into the 
newly translated protein. For a description of this 

20 method see the in vitro Translation Technical Manual, 
Promega Corp., Madison, WI . Incorporation assays will 
measure the amount of radiolabeled amino acids in all 
proteins produced in an in vitro translation reaction 
including truncated protein products. It is important 

25 to separate the radiolabeled protein on a protein gel, 
and by autoradiography confirm that the product is the 
proper size and that secondary protein products have not 
been produced. The most accurate measure of protein 
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uroduction is to correlate the measure of activity with 
the measurements of incorporation. 

As described above, coupled transcription and 
translation reactions require the introduction of a DNA 
5 template- Further enhancement of in vitro protein 

translation has been achieved with the use of a vector 
containing a poly A sequence at one end of the multiple 
cloning region. A preferred vector also contains an 
SP6, T7 or T3 RNA polymerase promoter at the opposite 

10 end of the multiple cloning region, so that cloning into 
the vector produces a gene that is flanked by an RNA 
polymerase promoter at the 5' end and a poly A sequence 
at the 3' end. Many cloning vectors commercially 
available contain one or more of the promoters SP6, T7, 

15 or T3 as they are widely used for standard in vitro 

transcription reactions. The vector pSP64 (polyA) is 
commercially available from Promega Corp., Madison, WI . 
This vector was used to clone the luciferase gene which 
was subsequently translated in a coupled transcription 

20 and translation reaction using rabbit reticulocyte 
lysate. The same luciferase gene was cloned into a 
different vector lacking the poly A sequence and 
subsequently translated in a coupled transcription and 
translation reaction. When activity assays were 

25 performed on product from these reactions, a significant 
increase in activity was evident in the reaction which 
contained the poly A construct. 

To study the cotranslational and initial post- 
translational modifications of proteins, coupled 
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transcript ion and translation reactions can be performed 
in the presence cf canine pancreatic microsomal 
membranes. Signal peptide cleavage, membrane insertion, 
translocation and core glycosylation are some of the 
5 modifications that can be studied. A coupled 

transcription and translation reaction using a clone of 
the B-lactamase precursor in the presence of microsomal 
membranes produced the expected form of the protein 
showing signal processing had taken place. Likewise, a 
10 coupled transcription and translation reaction using a 
clone of the precursor for a factor from S. cerevisiae . 
in the presence of microsomal membranes produced the 
expected processed form of the protein showing 
glycosylation. 

15 Coupled transcription and translation can be used 

in any method that requires the in vitro translation of 
proteins. These methods include in vitro mutagenesis of 
genes to study structure and function of the resulting 
proteins. Other methods are the in vitro translation of 

20 modified proteins for the purpose of isolating or 

purifying the protein away from the rest of the reaction 
and the in vitro translation of protein for the purpose 
of producing antibodies to that protein. The method of 
coupled transcription and translation in rabbit 

25 reticulocyte lysate or wheat germ extract offers 

advantages over current methods of in vitro translation 
in that these systems require less time and yield 
enhanced levels of protein. 
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There are also a number of advantages in using such 
a static coupled transcription and translation reaction 
over continuous or flow- through reactions. First of 
all, there is a major difference in the applications for 
5 the two systems. The continuous system is for large 

scale industrial production of proteins whereas static 
system reactions are suited to the everyday researcher 
currently doing in vitro translations. Continuous 
translation is much more expensive to perform, requiring 

10 an investment in equipment (a single Amicon unit costs 
approximately $2,000) as well as significant amounts of 
reagents. In particular, the levels of RNA polymerases 
used to make continuous eukaryotic reactions work is 
prohibitive for simple research applications (20,000- 

15 30,000 units/reaction). Continuous reactions are 

designed to be performed in relatively large volumes, 
while static reactions require no extra equipment and 
only small amounts of reagents, since the reaction 
volume is typically only on the order of 50 fil or less. 

20 The time required for a continuous reaction is 

significant, anywhere from 24 to 100 hours, whereas 
static reactions require only 1 to 2 hours to 
completion. For researchers currently performing in 
vitro translation, the static system offers significant 

25 time savings for most analytical or other research 

applications by bypassing the in vitro transcription 
step. Because of the time required both for the set up 
and for the running of continuous reactions there is no 
net time savings for a typical researcher, even for 
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coupled translation and transcription in such a system. 
Furthermore, with the static coupled transcription and 
translation system significant increases in protein 
production are observed when compared to standard in 
5 vitro translation using RNA templates. Further increase 
in protein production is observed in the static system 
when the DNA template contains a 3' poly A sequence. 

In general, then, the static system makes coupled 
transcription and translation available to the everyday 
10 researcher, not only because of the cost effectiveness 
and ease of use, but also because of the significant 
time savings and increased protein production over other 
known eukaryotic systems. 



Example 1 

15 Coupled transcription and translation was performed 

on a DNA construct containing the lucif erase gene. The 
reaction was assayed for the production of luciferase 
enzyme using the luciferase assay system (Promega, 
Corp., Madison, WI) . Luciferase activity is measured in 

20 Turner light units using a Turner luminometer . Coupled 
transcription and translation was achieved under the 
following reaction conditions: 
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25 0 ul standard rabbit reticulocyte lysate 

8.0 ul rNTP's (ATP , GTP, UTP, CTP) 2 . 5 mM each 

1.0 ul SPG RNA polymerase (80 units/ul) 

2.5 ul lxTA buffer* 
5 1.0 /il RNasin (40 units/ul) 

1.0 /xl pSP64polyA/luc DNA (1 /xg) circular plasmid DNA 

1.0 fil 1 mM amino acids (complete) 

9.5 Ul H ,Q 
50.0 /il 

10 * lxTA buffer consists of 33 mM Tris/acetic acid Ph 7.8, 
65 mM potassium acetate, 10 mM magnesium acetate, 4 mM 
spermidine, and 1 mM DTT. 

The reaction was incubated at 30°C for 1.5 hours. After 
1.5 hours a 2.5 fil sample from the above reaction was 
15 assayed in the luminometer with a lOOx light filter in 
place. The sample produced greater than 30,000 Turner 
light units. Control experiments where either DNA was 
omitted from the reaction or where no lxTA was included 
produced no Turner light units. 



20 Example 2 

Coupled transcription and translation was likewise 
performed in a reaction containing wheat germ extract. 
Again, the DNA construct used contained the luciferase 
gene. Coupled transcription and translation was 

25 achieved under the following conditions: 

25.0 ul standard wheat germ extract 

8.0 /il rNTP's (ATP , GTP, CTP, UTP) 2 . 5 mM each 

5.0 /il lxTA buffer 

1.0 /il RNasin (40 units//il) 
30 1 0 ul SP6 RNA polymerase (80 units /ul) 

1.0 /il pSP64polyA/luc DNA (1 ug) circular plasmid DNA 

1.0 ul 1 mM amino acids (complete) 

8.0 ul H,0 
50.0 ul 

35 The reaction was incubated for 1 hour at 30 °C. After 1 
hour a 2.5 ul sample from the reaction was measured in 
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the luminometer with a IQOx light filter in place. The 
sample produced greater than 5,000 Turner light units. 



Example 3 

Coupled transcription and translation was also 
5 performed with lysates modified during manufacture by 

the addition of certain components or reagents. During 
the manufacture of a rabbit reticulocyte lysate an 
aliquot was set aside and SP6 RNA polymerase was added 
to the lysate before it was frozen. SP6 was added to 

10 the level of 160 units of SPG per 25 /*! lysate. The 

lysate was quick frozen and stored at -70°C until used. 
Coupled transcription and translation reactions were set 
up following conditions in example 1 except that no 
additional SP6 was added. The reactions performed with 

15 rabbit reticulocyte lysate that had SP6 RNA polymerase 
added during manufacture produced protein. Further 
experiments have shown that the other components 
(buffers and amino acids, for instance) necessary for 
coupled transcription and translation can be added to 

20 the lysate during its manufacture. The lysate with the 
components added can be used to produce protein in 
coupled reactions upon the introduction of DNA 
templates . 



Example 4 

25 DNA constructs containing genes for a variety of 

proteins were tested in coupled transcription and 
translation reactions. The same reaction conditions as 
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m example 1 were used except that a radiolabeled amino 
acid ( 35 S methionine) was included in the reaction mix. 
Methionine was eliminated from the amino acid mix. 
Reactions were performed using plasmid DNA constructs 
5 cloned behind the SP6 or T7 RNA polymerase promoters. 
pGEMLuc plasmid DNA coding for lucif erase was used in 
coupled transcription and translation reactions and 
yielded 15.3% incorporation of the radiolabeled amino 
acid. This compared to a standard in vitro translation 

10 using a transcribed RNA template of the luciferase clone 
which yielded 0.8% incorporation. Samples from these 
reactions were run on SDS/PAGE gels to confirm that the 
protein product was the proper size for luciferase. 
Further experiments were performed using a clones of the 

15 B-lactamase gene and the a factor of S. cerevisiae 

behind the SPG promoter. Standard in vitro translation 
using an RNA template of B-lactamase yielded 3% 
incorporation of the labeled amino acid whereas a 
coupled transcription and translation reaction using a 

20 DNA template yielded 26.8% incorporation. A standard in 
vitro translation reaction using an RNA template of the 
a factor gene yielded 0.8% incorporation while a coupled 
transcription and translation reaction using a DNA 
template yielded 12.4% incorporation. Again, samples of 

25 the reactions were run on SDS/PAGE gels to confirm the 
size of the proteins produced. Other proteins produced 
from DNA templates in coupled transcription and 
translation reactions include: TFIID transcription 
factor, behind the T7 promoter, yielding 5% 
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incorporat ion ; Cjun transcription factor, behind T7 , 
yielding 13.4% incorporation; B - galactos idase , behind 
the SP6 promoter, yielding 28% incorporation; ana 
polyA/luc, a luciferase gene in a poly A vector, behind 
5 SPG, yielding 25.9% incorporation. 



Example 5 

Coupled transcription and translation was performed 
in rabbit reticulocyte lysate using a DNA construct of 
B- lactamase precursor, in the presence and absence of 

10 canine microsomal membranes, to test post- translational 
modification of proteins. The reactions contained a 
labeled amino acid in order to visualize the products by 
autoradiography. Products from the reactions were run 
on SDS/PAGE gels. The protein product from the reaction 

15 without microsomal membranes migrated at about 31.5 
kilodaltons (Kd) while the protein product from the 
reaction containing microsomal membranes migrated at 
about 28.9 Kd, indicating that the signal sequence had 
been processed. 

20 In a similar coupled transcription and translation 

experiment a DNA construct of the a factor of 
cerevisiae was translated both in the presence and 
absence of canine microsomal membranes. Again, the 
radiolabeled products were run on a gel and the results 

25 indicated the 18.6 Kd precursor had been processed to a 
protein migrating at 32.0 Kd, indicating that the a 
factor was glycosylated. 
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Coupled transcription and translation was performed 
on DNA produced from a thermocycled amplification 
process. The only requirement for such a DNA is that 
5 the amplified fragment contain an RNA polymerase 

promoter. The experiment was performed using a DNA 
fragment amplified from the pGEMLUC plasmid. The 
resulting fragment contained the sequence for the SP6 
RNA polymerase promoter and the sequence for the 

10 lucif erase gene. When this DNA fragment was introduced 
into a coupled reaction under conditions similar to 
example 1, lucif erase protein was produced. Other 
amplified DNA fragments have been translated in coupled 
reactions including a pGEMEX/gene 10 fragment, behind 

15 the T7 promoter, and a B-galactosidase fragment, behind 
the SP6 promoter. 

Although one embodiment of the present invention 
has been described, it will be apparent to those skilled 
in the art that various changes and modifications may be 

20 made therein without departing from the spirit of the 
invention or from the scope of the appended claims. 
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CLAIMS 

What is claimed is : 

1. A method for coupling transcription and 
translation from DNA in eukaryotic cell -free extract 

5 comprising adding a sufficient amount of a magnesium 
compound to said extract to raise the magnesium 
concentration to a level where RNA is transcribed from 
DNA and RNA translates into protein. 

2. The method of Claim 1 wherein said extract is 
10 rabbit reticulocyte lysate. 

3. The method of Claim 2 wherein said final 
magnesium concentration is about 2.5 mM to about 3.5 mM. 



4 . The method of 
magnesium concentration 

15 5. The method of 

added to said lysate. 



Claim 2 wherein said final 

is about 2.6 mM to about 3.0 mM. 

Claim 2 wherein a polyamine is 



6. The method of Claim 5 wherein said polyamine 
is spermidine. 



20 



7 . The method of 
is added to said lysate 
mM to about 0.4 mM. 



Claim 6 wherein said spermidine 
to a concentration of about 0.2 
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8. The method of Claim 2 wherein the potassium 
concentration of said lysate is adjusted to about 40 mM 
to about 100 mM. 



5 9. The method of Claim 2 including adding a 

sufficient amount of a ribonuclease inhibitor to said 
lysate to effectively inactivate endogenous 
ribonucleases . 

10. The method of Claim 9 wherein said 
10 ribonuclease inhibitor is RNasin. 

11. The method of Claim 2 including adding 
additional components required for coupled transcription 
and translation to the lysate. 

12. The method of Claim 11 wherein one of said 
15 additional components comprises an RNA polymerase. 

13. The method of Claim 12 wherein said 
polymerase is selected from the group consisting of SP6, 
T7 and T3 RNA polymerases. 

14. The method of Claim 2 wherein a DNA template 
20 is added to said lysate. 



15. The method of Claim 14 wherein said DNA 
template has a multiple cloning region. 



WO 93/07287 ^ W PCT/US92/08518 

-31- 

16. The method of Claim 15 wherein a polymerase 
promoter sequence is located at one end of said multiple 
cloning region. 



17. The method of Claim 16 wherein said template 
5 has a poly A sequence at the opposite end of said 
multiple cloning region, so that cloning into said 
multiple cloning region produces a gene that is flanked 
by an RNA polymerase promoter at the 5' end and a poly A 
sequence at the 3' end. 

10 18. The method of Claim 16 wherein the polymerase 

corresponding to said promoter sequence is added to said 
lysate . 



19. The method of Claim 14 wherein said DNA 
template is in a form which is selected from the group 
15 consisting of a supercoiled molecule, a covalently 

closed circular molecule, a linear molecule or a DNA 
segment made by the process known as a polymerase chain 
reaction. 



20. The method of Claim 2 including adding a 
20 sufficient amount of ribonucleotide triphosphates to 
said lysate to allow translation of RNA from DNA. 



21. The method of Claim 20 wherein 0.4 mM of each 
of said ribonucleotide triphosphates are added to said 
lysate . 
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22. The method of Claim 1 wherein said extract is 
wheat germ extract. 



23. The method of Claim 22 wherein said final 
magnesium concentration is about 3 . 0 mM to about 5.25 

5 mM. 

24. The method of Claim 22 wherein said final 
magnesium concentration is about 4.0 mM to about 4.75 
mM. 

25. The method of Claim 22 wherein a polyamine is 
10 added to said extract. 

26. The method of Claim 25 wherein said polyamine 
is spermidine . 

27. The method of Claim 26 wherein said 
spermidine is added to said extract to a concentration 

15 of about 0.2 mM to about 0.9 mM. 

28. The method of Claim 22 wherein the potassium 
concentration of said extract is adjusted to about 50 mM 
to about 150 mM. 

29. The method of Claim 22 including adding a 
20 sufficient amount of a ribonuclease inhibitor to said 

lysate to effectively inactivate endogenous 
ribonucleases . 
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30. The method of Claim 29 wherein said 
ribonuclease inhibitor is RNasin. 

31. The method of Claim 22 including adding 
additional components required for coupled transcription 

5 and translation to the lysate. 

32. The method of Claim 31 wherein one of said 
additional components comprises an RNA polymerase. 

33. The method of Claim 32 wherein said 
polymerase is selected from the group consisting of SP6 , 

10 T7 and T3 RNA polymerases. 

34. The method of Claim 22 wherein a DNA template 
is added to said extract . 

35. The method of Claim 34 wherein said DNA 
template has a multiple cloning region. 

15 36. The method of Claim 35 wherein a polymerase 

promoter sequence is located at one end of said multiple 
cloning region. 

37. The method of Claim 3 6 wherein said template 
has a poly A sequence at the opposite end of said 
20 multiple cloning region, so that cloning into said 

multiple cloning region produces a gene that is flanked 
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by an RNA polymerase promoter at the 5' end and a poly A 
sequence at the 3' end. 



39. The method of Claim 36 wherein the polymerase 
corresponding to said promoter sequence is added to said 
5 extract . 

39. The method of Claim 34 wherein said DNA 
template is in a form which is selected from the group 
consisting of a supercoiled molecule, a covalently 
closed circular molecule, a linear molecule or a DNA 

10 segment made by the process known as a polymerase chain 
reaction. 

40. The method of Claim 22 including adding a 
sufficient amount of ribonucleotide triphosphates to 
said extract to allow translation of RNA from DNA. 

15 4i. The method of Claim 40 wherein said 

ribonucleotide triphosphates are added to said extract 
at the levels of 0.4 mM CTP, 0.4 mM UTP, 0.5 mM GTP and 
1.6 mM ATP. 

42. A modified eukaryotic cell-free extract 
2 0 prepared in accordance with Claim l. 



43. A kit comprising a container containing 
extract of Claim 42. 
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44. A modified eukaryotic ceil-free extract 
prepared in accordance with Claim 5 or Claim 25. 



45. A kit comprising a container containing the 
extract of Claim 44. 

5 46. A modified eukaryotic cell -free extract 

prepared in accordance with Claim 12 or Claim 32 . 

47. A kit comprising a container containing the 
extract of Claim 46. 

48. A process for producing protein from a DNA 
10 template having a specific polymerase promoter sequence 

through coupled transcription and translation in a 
solution, said process comprising the steps of preparing 
a solution of a standard preparation of a eukaryotic 
cell -free extract, modifying said extract solution with 

15 sufficient concentrations of ribonucleotide 

triphosphates, amino acids and the polymerase 
corresponding to said promoter sequence of said template 
DNA to support transcription and translation, and adding 
a sufficient amount of a magnesium compound to said 

20 extract solution to raise the final magnesium 

concentration to a level where UNA is transcribed from 
said DNA template and said RNA translates into protein. 
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49. ' The method of Claim 48 wherein the final 
concentration of magnesium in said extract solution 
mixture is raised by about 0.5 mM. 

50. The method of Claim 48 wherein said extract is 
5 rabbit reticulocyte lysate. 

51. The method of Claim 50 wherein said final 
magnesium concentration is about 2.5 mM to about 3.5 mM. 

52. The method of Claim 50 wherein said final 
magnesium concentration is about 2 . 6 mM to about 3.0 mM. 



10 



53. The method of Claim 50 wherein a polyamine is 
added to said solution. 

54. The method of Claim 53 wherein said polyamine 
is spermidine. 

55. The method of Claim 54 wherein said 

15 spermidine is added to said solution to a concentration 
of about 0.2 mM to about 0.4 mM. 

56. The method of Claim 50 wherein the potassium 
concentration of said solution is adjusted to about 40 
mM to about 100 mM. 



20 



57. The method of Claim 50 including adding a 
sufficient amount of a ribonuclease inhibitor to said 
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solution to effectively inactivate endogenous 
ribonucleases . 



58. The method of Claim 57 wherein said 
ribonuclease inhibitor is RNasin. 

5 59. The method of Claim 50 including adding 

additional components required for coupled transcription 
and translation to the solution. 

60. The method of Claim 59 wherein one of said 
additional components comprises an RNA polymerase. 

10 61. The method of Claim 60 wherein said 

polymerase is selected from the group consisting of SP6, 
T7 and T3 RNA polymerases . 

62. The method of Claim 50 wherein said DNA 
template is in a form which is selected from the group 
15 consisting of a supercoiled molecule, a covalently 

closed circular molecule, a linear molecule or a DNA 
segment made by the process known as a polymerase chain 
reaction. 



63. The method of Claim 50 wherein said DNA 
20 template has a multiple cloning region. 
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64. The method of Claim 63 wherein a polymerase 
promoter sequence is located at one end of said multiple 
cloning region. 

65. The method of Claim 64 wherein said template 
5 has a poly A sequence at the opposite end of said 

multiple cloning region, so that cloning into said 

multiple cloning region produces a gene that is flanked 

by an RNA polymerase promoter at the 5' end and a poly A 
sequence at the 3' end. 



10 



66. The method of Claim 50 wherein 0.4 mM of each 
of said ribonucleotide triphosphates are added to said 
solution. 

.67. The method of Claim 48 wherein said extract is 
wheat' germ extract. 

68. The method of Claim 67 wherein said final 
magnesium concentration is about 3.0 mM to about 5.25 
mM. 



69. The method of Claim 68 wherein said final 
magnesium concentration is about 4.0 mM to about 4.75 
20 mM. 



15 



70. The method of Claim 67 wherein a polyamine 
added to said solution. 
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71. The method of Claim 70 wherein said polyamine 
is spermidine. 

72 . The method of Claim 71 wherein said 
spermidine is added to said solution to a concentration 

5 of about 0.2 mM to about 0.9 mM. 

73. The method of Claim 67 wherein the potassium 
concentration of said solution is adjusted to about 5 0 
mM to about 150 mM. 



74. The method of Claim 67 including adding a 



10 



sufficient amount of a ribonuclease inhibitor to said 



solution to effectively inactivate endogenous 



ribonucleases . 



75. The method of Claim 74 wherein said 



ribonuclease inhibitor is RNasin. 



15 



76. The method of Claim 67. including adding 



additional components required for coupled transcription 



and translation to the solution. 



77. The method of Claim 76 wherein one of said 



additional components comprises an RNA polymerase. 



20 78. , The method of Claim 77 wherein said 

polymerase is selected from the group consisting of SP6 , 
T7 and T3 RNA polymerases . 
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79 . The method of Claim 67 wherein said DNA 
template is in a form which is selected from the group 
consisting of a supercoiled molecule, a covalently 
closed circular molecule, a linear molecule or a DNA 

5 segment made by the process known as a polymerase chain 
reaction. 

80. The method of Claim 67 wherein said DNA 
template has a multiple cloning region. 

81. The method of Claim 80 wherein a polymerase 

10 promoter sequence is located at one end of said multiple 
cloning region. 

82. The method of Claim 81 wherein said template 
has a poly A sequence at the opposite end of said 
multiple cloning region, so that cloning into said 

15 multiple cloning region produces a gene that is flanked 
by an RNA polymerase promoter at the 5' end and a poly A 
sequence at the 3' end. 

83. The method of Claim 67 wherein said 
ribonucleotide triphosphates are added to said solution 

20 at the levels of 0.4 mM CTP, 0.4 mM UTP, 0.5 mM GTP and 
1.6 mM ATP. 



WO 93/07287 ^ ^ 7 ^ PCT/US92/08518 

AMENDED CLAIMS 

[received by the International Bureau on 18 March 1993 (18.03.93); 
original claims 11,31,59 and 76 cancelled; original claims 1,12, 
20,32,48,60,66 and 77 amended; new claims 84 and 85 added; 
other claims unchanged (9 pages)] 



1. A method for coupling transcription and 
translation from DNA in eukaryotic cell-free extract 

5 comprising adding a sufficient amount of a magnesium 
salt to said extract to raise the magnesium 
concentration to a level where RNA is transcribed from 
DNA and RNA translates into protein. 

2 . The method of Claim 1 wherein said extract is 
10 rabbit reticulocyte lysate. 

3. The method of Claim 2 wherein said final 
magnesium concentration is about 2.5 mM to about 3.5 mM 

4. The method of Claim 2 wherein said "final < 
magnesium concentration is about 2.6 mM to about 3 . 0 mM 

.15 5 . The method of Claim 2 wherein a polyamine is 

added to said lysate. : _ ^ , ... 

6. The method of .Claim 5 wherein said t polyamine 
is spermidine . 



20 



- 7 . The method of 
is added to said -lysate 
mM to about. .0 . 4. mM. 



Claim 6 wherein said spermidine 
to. a concentration of ab.out 0.2,, 
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8. The method of Claim 2 wherein the potassium 
concentration of said lysate is adjusted to about 40 mM 
to about 100 mM. 

5 3 . The method of Claim 2 including adding a 

sufficient amount of a ribonuclease inhibitor- to said 
lysate to effectively inactivate endogenous 
ribonucleases . 

10. The method of Claim 9 wherein said 
10 ribonuclease inhibitor is RNasin. 



15 T7 and T3 RNA polymerases. 

14. The method of Claim 2 wherein a DNA template 
is added to said lysate. 



12. The method of Claim 2 wherein an RNA 



polymerase is added to the lysate. 



13. The method of Claim 12 wherein said 
polymerase is selected from the group consisting of SP6, 



15. The method of Claim 14 wherein said DNA 
template has a multiple cloning region. 
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16. The method of Claim 15 wherein a polymerase 
promoter sequence is located at one end of said multiple 
cloning region. 

17. The method of Claim 16 wherein said template 
5 has a poly A sequence at the opposite end of said 

multiple cloning region, so that cloning into said 

multiple cloning region produces a gene that is flanked 

by an RNA polymerase promoter at the 5' end and a poly A 
sequence at the 3' end. 

10 18. The method of Claim 16 wherein the polymerase 

corresponding to said promoter sequence is added to said 
lysate . 



19 . The method of Claim 14 wherein said DNA 
template is in a form which is selected from the group 

15 consisting of a supercoiled molecule, a covalently 

closed circular molecule, a linear moleclule or a DNA 
segment made by the process known as a polymerase chain 
reaction . 

20. The method of Claim 2 including adding a 
20 sufficient amount of natural ribonucleotide 

triphosphates to said lysate to allow translation of RNA 
from DNA. 



25 



21. The method of Claim 20 wherein 0.4 mM of each 
of said ribonucleotide triphosphates are added to said 
lysate . 
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30. The method of Claim 29 wherein said 
ribonuclease inhibitor is RNasin. 

32. The method of Claim 22 wherein an RNA 
polymerase is added to the extract. 

5 33. The method of Claim 32 wherein said 

polymerase is selected from the group consisting of SP6, 
T7 and T3 RNA polymerases. 

34. The method of Claim 22 wherein a DNA template 
is added to said extract. 



10 



15 



35. The method of Claim 34 wherein said DNA 
template has a multiple cloning region. 

36. The method of Claim 35 wherein a polymerase 
promoter sequence is located at one end of said multiple 
cloning region. 

37. The method of Claim 36 wherein said template 
has a poly A sequence at the opposite end of said 
multiple cloning region, so that cloning into said 
multiple cloning region produces a gene that is flanked 
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44. A modified eukaryotic cell-free extract: 
prepared in accordance with Claim 5 or Claim 25. 

45. A kit comprising a container containing the 
extract of Claim 44. 

5 46. A modified eukaryotic cell-free extract 

prepared in accordance with Claim 12 or Claim 32. 

47. A kit comprising a container containing the 
extract of Claim 46. 

48. A process for producing protein from a DNA 
10 template having a specific polymerase promoter sequence 

through coupled transcription and translation in a 
solution, said process comprising the steps of preparing 
a solution of a standard preparation of a eukaryotic 
cell-free extract containing said DNA template, 

15 modifying said extract solution with sufficient 

concentrations of natural ribonucleotide triphosphates, 
amino acids and the polymerase corresponding to said 
promoter sequence of said template DNA to support 
transcription and translation, and adding a sufficient 

20 amount of a magnesium salt to said extract solution to 

raise the final magnesium concentration to a level where 
RNA is transcribed from said DNA template and said RNA 
translates into protein. 
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solution to effectively inactivate endogenous 
ribonucleases . 

58. The method of Claim 57 wherein said 
ribonuclease inhibitor is RNasin. 



5 



10 



60. The method of Claim 50 wherein an RNA 
polymerase is added to the lysate. 

61. The method of Claim 6 0 wherein said 
polymerase is selected from the group consisting of SP6 , 
T7 and T3 RNA polymerases. 

62. The method of Claim 50 wherein said DNA 
template is in a form which is selected from the group 
consisting of a supercoiled molecule, a covalently 
closed circular molecule, a linear moleclule or a DNA 
segment made by the process known as a polymerase chain 

15 reaction. 

63. The method of Claim 50 wherein said DNA 
template has a multiple cloning region. 
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64. The method of Claim 63 wherein a polymerase 
promoter sequence is located at one end- of said multiple 
cloning region. 

65. The method of Claim 64 wherein said template 
5 has a poly A sequence at the opposite end of said 

multiple cloning region, so that cloning into said 
multiple cloning region produces a gene that is flanked 
by an RNA polymerase promoter at the 5' end and a poly A 
sequence at the 3' end. 

10 66. The method of Claim 50 wherein 0.4 mM of each 

of said natural ribonucleotide triphosphates are added 
to said solution. 

67. The method of Claim 48 wherein said extract is 
wheat germ extract. 

15 68. The method of Claim 67 wherein said final 

magnesium concentration is about 3.0 mM to about 5.25 
mM. 

69. The method of Claim 68 wherein said final 
magnesium concentration is about 4.0 mM to about 4.75 
20 mM. 



70. The method of Claim 67 wherein a polyamine is 
added to said solution. 
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71. The method of Claim 70 wherein said polyamin= 
is spermidine. 

72. The method of Claim 71 wherein said 
spermidine is added to said solution to a concentration 
of about 0.2 mM to about 0.9 mM. 

73. The method of Claim 67 wherein the potassium 
concentration of said solution is adjusted to about 50 
mM to about 150 mM. 

74. The method of Claim 67 including adding a 
sufficient amount of a ribonuclease inhibitor to said 
solution to effectively inactivate endogenous 
ribonucleases . 

75. The method of Claim 74 wherein said 
ribonuclease inhibitor is RNasin. 



15 77. The method of Claim 67 wherein an RNA 

polymerase is added to the extract. 

78. The method of Claim 77 wherein said 
polymerase is selected from the group consisting of SP6, 
T7 and T3 RNA polymerases. 

20 79. The method of Claim 67 wherein said DNA 

template is in a form which is selected from the group 
consisting of a supercoiled molecule, a covalently 
closed circular molecule, a linear moleclule or a DNA 
segment made by the process known as a polymerase chain 

25 reaction. 
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SO. The method of Claim 67 wherein said DNA 
template has a multiple cloning region. 

81. The method of Claim 60 wherein a polymerase 
promoter sequence is located at one end of said multiple 

5 cloning region. 

82. The method of Claim Bl wherein said template 
has a poly A sequence at the opposite end of said 
multiple cloning region, so that cloning into said 
multiple cloning region produces a gene that . is flanked 

10 by an RNA polymerase promoter at the 5' end and a poly A 
sequence at the 3' end. 



83. The method of Claim 67 wherein said 
ribonucleotide triphosphates are added to said solution 
at the levels of 0.4 mM CTP, 0 . 4 mM UTP, 0.5 mM GTP and 
15 1. 6 mM ATP. 



84. The method of Claim 1 wherein said 
transcription and translation are coupled in a batch 
reaction . 

85. The method of Claim 48 wherein said 

20 transcription and translation are coupled in a batch 
reaction. 
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STATEMENT UNDER ARTICLE 19 



in response to the Notificatin of Transmittal of 
the International Search Report mailed January 12, 1993, 
the following amendment is presented in accordance with 
the Regulations under the Patent Cooperation Treaty, 
Rule 46. Pursuant to 46.1, and presuming this 
communication is received before the technical 
preparations for international publication are 
completed, applicant requests that the enclosed 
replacement sheets be substituted in the above 
application. The amendments contained in the sheets, 
which are described more fully below, are intended only 
to bring the application into better conformance with 
the application as currently prosecuted before the 
United States Patent & Trademark Office. 



57 

WO 93/07287 ^ PCT/US92/0851! 



Claims 1, 12, 20, 32, 48, 60, 66 and 77 are 
amended. Claims 84 and 85 are new, while claims 11, 31, 
59 and 76 are canceled. These changes necessitate the 
submission of replacement sheets for pages 35, 36, 37, 
39, 41, 43, 44, 45, and 46 of the original application. 
The amendments to the claims bring them into closer 
conformance with the application being prosecuted in the 
United States Patent & Trademark Office. 

In Claims 1 and 48, "compound" has been replaced 
with salt . 

In Claims 12, 32, 60 and 77 the dependency has been 
changed and an RNA polymerase is added to the lysate . 

In Claims 20, 48 and 65 the term natural has 

been inserted before "ribonucleotide". 

In Claim 48 the eukaryotic cell-free extract is now 
described as specifically containing a DNA template. 



!NTEf^Bp~10NAL SEARCH REPORT 



Intt-'naUorul application No. 
PCT/US92/08518 



A. CLASSIFICATION OF SUBJECT MATTER 
n»C{5) :C12P 21/00 

US CL :435/68.1 

According to International Patent Classification flPO or to both natiorxai classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. : 435/68.1, 69.1, 37C.1 



Documentation t carched other than minimum documentation to the extent thai such documents arc included in the fields searched 



Electronic data base consulted during the international icarch (name of data baae and, where practicable, search terms used) 
DIALOG, BIOSIS. MEDLINE. APS 

SEARCH TERMS: COUPLED. TRANSLATION . TRANSCRIPTION, IN VITRO 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passage* 


Relevant to claim No. 


x 

Y 

Y 
Y 


WO. A, 91/02076 (BARANOV ET AL.) 21 FEBRUARY 1991. SEE ENTIRE 
DOCUMENT 

J. BIOCHEM. VOLUME 82, ISSUED 1977, SUZUKI, "EFFECT OF KCL. 
MAGNESIUM ACETATE AND SPERMINE ON THE RATION OF A TO B GLOBINN 
CHAINS SY 1THESIZED". PAGES 251-260, SEE ENTIRE DOCUMENT. 

VIROLOGY VOLUME 73, ISSUED 1976, BREINDL ET AL., "STUDIES ON THE IN 
VITRO TRj ASCRIPTION AND TRANSLATION OF VESICULAR STOMATITIS 
VIRUS mRN K m PAGES 106-118, SEE ENTIRE DOCUMENT. 


1, 2, 5- 
10,22, 25 
-30, 32-40, 
42-48. 50, 
53-58, 60 
-65, 67,70 
-75.77-82 

3-4, 21, 23-24, 41, 49, 
51-52. 66, 68-69, 83-85 

3-4, 23-24, 41, 49. 51- 
52, 66. 68-69 AND 83 

1-83 


fx] FurtJ 


fier document* ire lilted in the continuation of Box C. \~~\ Sec patent family annex. 


SpccUmefOfWor «ddocama«: 1 ^ b ^Sli«wilb *e tpplk^ but cited lo undemaod d* 
'A* docuoWdefmujsW foam! state of mean which « oot cooaalerwi pr«c*?fc or theory undcrtyaii the nveoboo 

la be bui of particuW rtkvaooe ... . 
^ ^ «X' document of parocukr itkvuee; die cW™d aivention oaoot be 
*E* earlier document pub abed m or after tbc intenwtiooal Tilini due coo*«iemi ocrvel or caonol be coowderad lo «vorve ma «iv«mjve 

, . . when ibe document a taken alone 
•L" document which my throw doubtt on prwnty chumd) or wtuch ■ 

jfled u> eatable* toe poc-UaOoo d«4* or *oocber ciuuoc, or oiher ^ , „f r ^ ttevance: the churned gvcntioo cannot be 

ipecal reaaoo (m •pecified) coneiderad to nvoKe u awennve «cp when the document * 

raeaaa 

•P* . r Am^ pAfia the atrrnatiooal fflnt date but later ihaa document member of the ma* pota* famiiy 


Dale of the actual completion of the international search 
06 January 1993 


Date of mailing of the international search report/; 

12 JAN 19^ /' ' 


Name and mailing address of the ISA/ 
Commissioner of Patent* and Trademark* 
Boa PCT 

Waahingwo, D.C. 20731 
Facaimilc No. NOT APPLICABLE „ 


Authorized officer j/f/f/f As~\ 

DAVID B. SCHMICKEL / ' Tj J. ^ 
Telephone No. (7031 308-12O2 '. 



Form PCT/ISA/210 (second iheet)(July 1992>* 



INT^^ATIONAL SEARCH REPORT 



International Application no. 
PCTAJS92/08518 



C (Coruinoauan). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



PROC NATL. ACAD. SCI. USA. VOLUME 70, NO. 8, ISSUED AUGUST 1973, 
ROBERTS ET AL. "EFFICIENT TRANSLATION OF TOBACCO MOSAIC VIRUS 
RNA AND RAB^ GLOBIN 9S RNA IN A CELL-FREE SYSTEM FROM 
COMERCIAL WHEAT GERM", PAGES 23 3 0-2334, SEE ENTIRE DOCUMENT. 

SCIENCE VOLUME 242. ISSUED 25 NOVEMBER 1988, SPIRIN ET AL.. "A 
CONTINOUS CELL-FREE TRANSLATION SYSTEM CAPABLE OF PRODUCING 
SepTTDES IN HIGH YIELD", PAGES 1162-1164. SEE ENTIRE DOCUMENT. 

NUCLEIC ACIDS RES., VOLUME 17. NUMBER 11, ISSUED JUNE 1989, 
SqVA ET A^PREPATATTVE SYNTHESIS IN A CONTINOUS CELL-FREE 
SYSTEM FROM RABIT RETICULOCYTES' PAGE 4412. SEE FIGURE 1. 

GENE VOLUME 84, ISSUED 1989. BARANOV ET AL., 'GENE EXPRESSION IN 
A CELL-FREE SYSTEM ON THE PREPARATIVE SCALE", PAGES 463^66. SEE 
FIGURE 1. AND ENTIRE DOCUMENT. 



CtMticn of document, with indication, where appropriate, of the relevant pmiges 



Relevant to claim No. 



1-83 



1-83 



1-83 



1-83 



Form PCT/IS A/210 (continuation of second shect)(July 1992* 



